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A bstr a ct
T he eire cts of hu man a ctivitie sar ein m any w ays stlCh the expansion ofo asis, the
change ofs oilquality, the expansion ofarti丘cialv egetation ar e athede c re a s e ofna･tural
v egetation,r epla c e m ent ofs om elake sandm arsh witharti五cialre s erv oirs, s
horteningof
riv er, dege n eration ofn aturalenvir onrnent inthelow e r re ache s of riv er, and
s o on s o
fo rth. Thehydrologicalchange cau sed byhu ma n activitesinco ntinentalriv e
ris usualy
di丘c ult to con v ert, H um an a ctivitie sin Tarim Riv er Ba sin a&er1950 ha sde veloped
rapidly, The dev elopm e nt of burn
-
an activities has changed the hydrological
char acteristic s oftheriv er, espe ciallyinthe mi ddle andlo w er rea che s of Tarim Rive
r
･
It
lSqultetypicalin ari d landofthe change ofriv er cou rse andt
he redistributibn ofw aterin
tim e andspa c e･
I. Conditio ns andthedevelopm entofhtl man a ctivitie sin Ta rin 削 verlla sin
Tarim Riv eris e sinthe n orthslope ofKu 血 n M o urtain s, eastPamirPhte au andt
he
s outhslope ofTian sha nM ou ntain s･ M or ethan eightdv ers for m erlyflow edto Ta 血
River. But n o withas onlythr e etributarie s - Hotan Riv e r, Ya rka
ntRiver and A ksu
Rive r. An dw ate r丘･om Ko nqi Riv er c anflo wto Tarim Riv erth
roughartificial canal,
drain ed w ater丘
･
om irngatedland in Weiga nRiverBa sinflo wsto Ta
rim Riv er･
Ru n offin the tributarie s ofTwin Riv eris minly&o m snow melt, glacialm elt a nd
rai 曲11inthe m o untains, a smala m o untofitis丘
･
om gr o undw ater andspnng w ater ･ T he
ye arlycha nge ofruno丘
･
is n otgr e atbec au sethe s ou r?eis multiple･
Evaporation in the
plain are a a ndirrigation a remain w ayto
consu m e water, andpr oportion ofthe water
usedbyhu m an beingha sin crea s edye ar a
Rerye ar･
Fo rrn e rly run offin Tarim River w a sin na土u ralc ond
ition,itirrlgated n atu ralpopular
diversifolia and m e ado w , perm e atedinto gr ou nd to supply gr ou ndw a
ter fo rthe
r equlr em entOfnatu ralv egetation, and
flo w stodepres sionfor m inglakes andsw amp･
Ithasdevelopedinlarge s caleto ope n up w a stelanda
nd la u nch w ater c ons er vancy
pr o)e ct afte r1950, a ndlarge are a ofo a sishas
bu止t for agnc ulture and sto ck raislngln
Tarim Basin . Co mplete agn c ultu ral zon e along the river wa s b
uilt
,
but elfective
utilization ratio of w ater r es ou r ce sis qulte low , e specially uslng W ater tOir nga
te
m e ado w alm o stdepends on no od irrigation, s oitis s erio usto w ast
e waterther e･
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Fig.i W atersyste m of Tarim Riv er
2. tJtili21at o n ofw ater r eso u rc es
Run oぼin Tarim Riv e ris 19.66×109m3
,
15,81 ×109m3 of it w as chan n eld to
fa rmla nd forim gation,there st3.85×10
9
m
3
of river w ater ands o medrained w ater舟om
far mla ndis us edtoke ep e c ologicalenvir on m e nt andto c ons um efor e v aporatio ninthe
ba sin. Gro u nd w ate r re s our c eis0.43×109m3in Tarim River Ba sinbutfew ofitha s
e xploitedto u s edfo rdro ught-r elief, industly and hm an slife.
Agricultural production in Tarim Riv e rBa sindevelopedr apidlyin re s e n王ye a rs, the
ir ngation area of o a si 血rmiand in1993w a s m or ethan tw o tim e s ofthtin 1949,
quaJltity ofused w ater incre a sedr apidly.
Table 1 C h皿 ge Of irrigatingBLre Ain thetribtdA ry riv ers of Tari血 Riv e r
Year
i migatio n area(10
ヨ
ll m
2
)
A ks uRiverBasin YarkatRiv er】】asin Eota nRIVerBasin total
1949 101.3 1 86.6 63.3 351.2
1993 300. 3 SO.0 96.6 7 76.6
in cre as ed.area丘o m
1949to 193
198.7 1 93.4 33.3 426.4
uptothe e a rly1 990
'
s
,
56 ×103km ofc an al fo rirrlgatio nha sbe enbuiltinTarim Riv e r
Ba sin and 15･81×10
9
m
3
ofw ate rw asdrained&om riv erev ery ye ar, and 3 6･2 %ofit c an
arivedinfarmland, thatis5172×10
9
m
3
ofw ateris r ealy usedforim gatio n･ Irrigatlng
are ain Tarim RiverBasinis730.4 X IO
3hm2
,
71
,
9% ofit(525XIO
3hm 2)isfarmland,in
which land 13.21×10
9
m
3
of w ater w as u s ed forirrigation. 20.14 %of it(147.1×
10
3
hm
2
)isfore stland, in which 1.97×10
9
m
3
of w aterw asus ed. 7.96 %ofit(58.3 ×
103hm 2),in which 0.44×10
9
m
3
ofw a土er wa sus ed.
W aterquantlty Cha n neled byhu m an at thetributarie s ar e a of Tarim Riverisincr ea s ed
c o ntin uously a丘e r195 0, chan neling w ater 丘
.
o m riv erisin high ratio, e speciallyin
Ya rkant River Basin
,
920/o of runoH is chan neledbyhu m a n andthat ca usedthe ru n off
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ha shardly arrivedin Tarim River sin c e1970
'
s. In Hotan Rive rBa sin, 64,5 ofru n o打is
cha n n eld
,
andin Aks uRiver Ba sin, 64,5% of run oぽ
-
is chan neled.■W ater s upply ln
tributariesto Ta rim Riverha s c ontinu o u slydec reased, and itaffe ctsthe hydr ological
char a cteristic s of Tarim Riverin m any w ays.
Thetrunk ar e a ofTarim 鮎ver w a sthe-e c ological basinwithn aturalv egetatio n, rive r
c o urs e w a sin n aturalSta‡e on the whole. Rec e nt te n
'
s ye ar s, w ater c o n su mption
in cre as ed rapidlyinthe up per r eache s and mi ddle re a ches ofthetru nk ofTarim Riv er,
andru no庁
■
de c r e as edseriouslyinthelo w er re a che s underthe elre cts ofhu m an activites,
hydr ologicalc ondition s ofriverhas changedto o.
3. C haJlge Of hydrologicalchar a cteristics
3.1 Cha nge ofye a rly r u J) Off
Ye arly cha nge ofru n o打in the thre etributariesofTarim Riverislittle withoutthe
tr e nd ofincre ase o rde cre as e. Re se nt40yea rs agre at qu antlty Of river w ater wa s
cha n n eldtoimgating ar eainthetributariesalong withthe e xp ansion of 免r血 andar e a,
sothat the s upplied ru n offto Tarim Rive rha sde c r e a sedye a rby year･
AlarHydrologicalStation, thatislo c atedin the upper r e a che s of Tarim River, w a s
e stablished in1957. Ye arlyrunofFchangeinAlar丘om 1957to1994c anbedivi de into
fo urperiods:195 7
- 1964
,
1965-1974,1975- 1984,1985- 1994･ Fro mthefir stperiodto
thefourthperiod, ye arlyru n oぼha sdecreasedl･04 ×10
9
m
3
,
is abo ut20･38% off･
Not onlyha sthe s upplied w ate r&om tributarie sto Tarim Riverde cre a s ed, butals o
hasthe consu mptlO n Ofw ate rinthe uppe rr e a che s and mi ddle r e a che s､ ofthetrunk
stre amin cre ased, and ru n oifin thelo w ere a che sha sde cr e a s ed c orItinu ously･ W ater
c o n su mptio ninthe upperre aches(&o mAl町tO Xinqim an)hasin cre as ed &om 14･77%
.ftotalrunoぼin Tarim Riverin 1960
,
sto 23% in 1994,in the middle re ache s(&om
xinqim an to Kara)itha sin cfe ased缶o m61･54in1960
'
sto72.56 % in 1994･ 1 94is a
bu mperyearfor run offin Tarim Rive r, 95･56 %ofyea rly run ofFw as c o n su
m edinthe
upper r e a ches andmi ddle r e ache s, only4･445ariv edin
low erre a chesI RunoB
?
in upper
re a che s
,
mi ddler e a che s a nd lo w er r e achesha sdecr eas edindi飽
･
erltr angesSin c e1960
'
s
,
itha sde cre as ed m o stlyinthelo w er r eache s･
ru n off
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Fig･ 2 Yea rly runoffchangeinthe up pe r, mi ddle a
nd lo w e r re a ches of Ta rim Rive r
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3･2 Se a s onalrtl nOfrchange and flo od
Mo rlthlyru noぼ cha nge gre atlyin Tarim River, it mainly c o n c e ntr atesin the flo od
s e as o n丘o mJulyto Septe mbe r, and itis few e rinthedry se as on 丘
･
o m Ma rchto July･
Ru n offper c entinflo od sea s o n ofye a rly runofF hasincre a s edandthatindrys eas on has
de cr e as ed be ca usethe cha - eled w aterin dry se a s o nisin ala rgepartofthe run ofFinthat
period. Forinstanc e, ru noffin 打oods easo n w as66L2% oftheye arly run offbya v erage
fro m195 7to 1974
,
but w as70･86 % &om 1981to 1994
･
Inthe s e c ondpe riod it w as
4r66 %m or ethan inarstpe riod･ Sodiditinthe mi dle re a che s･ Butitis oppositein the
lo w er re a che s
,
runo庁
■
inflo od sea s on w a s47･2 % ofthe ye arly runoffbyaverage 丘
･
om
1957to1964,butit w a s40108% 丘o m 1984to1994･ Inthe s e c ondperiod It w as7.4 2%
lessthan thatinBrstperiod･ T he r e a s o n ofabov e changeisthatinthe upper and middle
re a ches runoB? w a s ch狐 n eledtoimgate meado w and w ate rflo w stolo w-lyingland
thr oughthe a rtiBcialcutsinriverbank intheflo ods e a so n, s othatflo od can notarrivein
low er re a ches- T he s e a s o nalchange ofrunoff inlo w er re a che sis stable, no o°tim eis
laternow tha nin195 0･s
,
thatis3 6 dayslate rin1980
,
stha nin 195 07s･ T he ru noffchange
is underthe efe cts ofna,tur e andh um an a ctivitie sin s am etim e.
Itisthe refle ct of hu m an a ctivities tha王in the pro c e ss of agn c ultu re and animal
hu sbandry, pe ople cuttheba nkofriverto cha J n elw aterforirrigation, e spe ciallyinthe
drys e as on theybuildda m sin riverbedto rais e w ate rtablein orde rto chann el m o r e
w ater丘o mdve r･ But this w ayfo r cha n n el w ate rde cr e a sesthepa ss able abilityofru n off
isle ssthan200m
3
/s･ Thepa ss able rate of ru noだinthe uppe r r e a che sha sredu c ed丘
･
o m
0,737 in 195 0'sto o.566 in1990･s
,
and &o m 0.3 71 in 1950,sto o.13 9 in 1990,s. T he
proc e ssof runo打to thelo w e r r e a che sha s cha nged unde rhu m an a ctivitie s, a ndthe
naturalreguhtion ofr um ofFha s changedto o一 Fo rin sta=lC e, ye arlyrun offis2,5 6 ×10
9
皿
3
in AlaT Hydrological Statio n of upper re a che s, a nd is 0.216× 10
9
m
3 in K ar a
Hydr ological Station oflo w er r e a chesin 19 93, butitis 6.084 ×109m3in Alar a ndis
o
･
296 ×10
9
m
3
in Kara
.
The c o rr espo nd ingr elativityofruno丘
･
betw e en up per r e a che s
and lo w e re a chesbe c om e s c o mple xbe c a u s e agr e atquantity of w ater w a s chan n eld
o utriverinthe uppe ra ndmi ddle r e a che s.
3･3 QtlalitychaJlge Ofriv er w ate r
W ate rquality of Tarim Riverha s changed alo ng with the change ofs upplied w ater
quality丘
･
o mtributade s and als oaffe ctedbydrained w ater丘o m 免rmiand intrunkstre am
a r e a･ Theimgation- -drainage syste m w as notbuiltinthetributarie sin1950
･
s and1960,s,
drain age w ate r a氏e rimgatio n且ow stothelow -1ym gland,itishardlyto且o winto rive r
c ours e and no odc otldbringthe salin e w atertothelo w er r e a ches, s othe qualityof river
w ater was 血 ein thttim e･ h 1970's a nd 1980,s
,
drain age w ate rsystem hadbuilt anda
gr eatqua ntityofsalin ew aterdrained intoriv er, w aterqualityofTarim Rive ris not 血 e,
anditgetti ng W o rs ein thelater of1980
'
s･ Fo rinstanc e
,
in AlarStation duringtheperiod
&o mOctober, 1976to September, 1977, min eralization ofriv e rw ate r wa shigherthan
lg/1in six months, w ashighertha n3gA inthree m onths,thehighest w a s5.46gn. From
October, 1984to Septe mber, 1985, mineralizatio n ofriv erw ater wa shigherthan 1g/1in
eight m o nths, w a shigherthan3gn in fo ur m onths, the highest w a s5.86g^ . In 1 991, ,
mineralization of rive rw ater w a shighertha nlgnallthe yea r, w a shigherthan 5gn in
thr e e m o nths, An dthe highestis ov e r6gn in 1997. T he obvious ris e of w ate r
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mine ralizationisdueto the e xpre ssion ofirrigatio n ar e aand incre a s e ofd min age w ater
withsalt丘･om firmia ndto riv er.
c hange regulatio n ofriv er w ater mineralizatio nin aridlandisthtitisin c r e as ed along
wi tht e stre am ofriver,butitbe c om e s c o mplex under the effe ct ofh um a n a cti vities･
co mpar ed with w atermin eralizatio ninAlar andXinqim a nllydr ological Statio n atthe
upper and mi ddle r ea che s, w ate rmin e ralizatio nin Kar a atthelo w er reache s w a s
le ss
duringirrigationperiod丘o m M archtoDe c e mberin1991(tab12)I The s ectiムn ofw ater
c ou r sedo wn Alarisdrain age a re a ofs aline w Eter丘
･
o m 鮎 血 and
,
thedrain age ar e a of
saline w ater丘
･
om 免r血 and,thedrain age s aline w aterha sinc r e a sedr apidlyalo ngwiihthe
de v elopm e nt of cha n n el and dr ainage proje ct in irrigation a re a, s o that w ater
min eralizationin the upper and middle re a che sha sgone up･ Itis estim ated that w ater
mineralizationin Alar wi n be2.84gn bym onthlyav er agein2000･
【1
Tab. 2 Monthly min er 且1iz ation ofrive r w ater a:tdlffe re･ltSites along Tarim Riv erin1
991(gA)
site Jan. Feb. Mar Apr. May Ju n. Jd. Aug Sept. Oct No v
De c.
Alar 1.2 1 1.73 2. 4 5.76 4.57 1.8 5 3.4 0 1. 2 5.9 9 1,98
5.64 2.8 7
Xinqim an 1.99 1.2 5 2 3 4 2.4 9 4.74 1.7 6 2.8 6 0.5 9
0
,93 2 3 4 3.81 4.9 3
K ar a 1,94 2.10 0,91 2.07 0.93 1.4 5 1.42 0.84 0.2 2 0,2
S 0.92 1.7 6
Drained w ate r丘
･
om 免r血a nd inTadm Rive rBasin mai nlyc a u se sthe r edu ce ofw a土er
qualityin the riv e r,ifit s n ot co ntrolledtodrain salin e w aterto
riv er c o血inu o tlSly,the
envi,on m ent of rive r w ater, s oil and living collditionsinthe mi ddle andlo w er re a che s
w o uldbe w ors e.
3.4 CIlange Of river col r S e
Tarim Rive r w a s132 1km-ine arly1950
7
s, Loplake wasthede stin atio n･ Be c a u sethe
incr e as e ofcha nneled w ate rinthetributaries, parts oftributary s eparated丘om Tarim
River a stheindepe nde ntbasins, ru noff inthelow er re ache s o
f AksuRiver
,
Y arkatRiv e r
andHotanRiv e rhasde c re ased,the river c o ursein thelo w er of Tarim Rive r
ha sdriedso
that the river was shorte ned. A dam w a sbuilt upin LayinRiver M o uth i
n 195 2
,
and
Taitm arLakebe c a m ethedestin atio nofTarim kv er･ A丑er1950
･
s
,
ru noff in thelo wer
re a chesha s c orrtinuouslyde cr e a s edbec a u seirriga土io ndevelop
edin alarge scalein the
tributarie s,theriv er w a sfurthershorten ed･ DaxihaiR
es ervoirbe c am ethede stination of
Tarim Riv e r andthele ngthofriveris1055 km .
s and c o nte nt of run offin flo od s e a s onis hea vy inTarim Riv e
r
,
flo od runoffin
tributarie sbrings agr e atdealofs andtoTarim River･ F6
rinstance
,
saJldc ontentofrunoff
in flood s ea s on(&o mJulyto September)is1219 kg/m
3in H otanRiver
,
and is4,87
kg/m
3
inthe up
.
p戸r re a ches of Tari
m Riv e r･ ForTarim Riv er c o urs eis obstructedc a u s ed
byhu m an activ ltle S, W aterflo w s slo w
lya ndagreatde alofsiltdepo sitsint
heriv erbed in
the upper a nd mi ddle re a che s, s othat
riverbed ha sgone UPI Pe oplehave cutthe riv er
bankin13 7site sto charn elw ate rfo rirdgatlngfamiand andm e ado w,
28ofthe c utsa re
widerthan5 m . Thedistribution are cha ngedto a c ertairlexte ntin
Tarim Riv e r･
so m ebr a nchriver s and mainrive r we re exchangedinthe c ours e o
fchanneung w ater
byhu ma n. For e xample, Us m anRiv e rw as a s
m allc an al dugbyafar mer who se n am e w a s
usm an forimgatio nin the middle r e aches of Tarim R
iv er･ T he c analw a slain in
depre s sedpla c e and cha nneled
w ater w as out ofco ntrol, w ater e a sily且ow edintothat
c an al
,
and erodedthe c analgr adualyto m akethe c a n alwi der and de ep
e r･ Sin ce1978,
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m o st rum offof Tarim RiverhasBo w ed into the c anal for med Usm an River a sthe main
str e am ofTa rim Riv e rinthe middle r ea che s, originalriv er c ours ebe c a m ethebranchof
Tarim riv er･ Som ebra n che sof Tarim Riv e rar efo rm edinn atu re, ands o m e arefor m ed by
hu man a ctivites.
4･ Relationshipof htlm an activities a nd hydrologiealchaJIgein Tarim R iv er
Tarim River a s a c o ntinental rive rin aridland, is se nsitive to outside effe ct, when
hu m anin土erfer e afa cto r oftheriv er, sucha sbuildingreserv oirto changethepro c e s s of
runoBT, building w ater c onserv ancy pr oje ct tO Change w aterdistributio n. The other
char acters of river willchangeindire ctlyc aused byhu m anactivitie s. T he hydrological
effe ct c aus edbyhum an a ctivitie sin c ontin e ntal riv e rs mainly ar e: so me arti丘cialcanals
r eplac e n atural riv erc o urse s, s om e reservoir s repla c enaturallake s, m o st riv ershav e
shorte n ed, w ater cons umptio nin upper re a che sha sincr ea s edandinlow er re a che shas
decreas ed, salin e w ater丘omir ngatl ngfar mlanddrainsintoriv e rs c auslng nV er Waterin
lo wqualityinthelow err eaches, 丑oodpe akis cutdo wn whe nflo odamiv einthelow er
r e a che s ofriver
,
theno odno w sge ntly, andye arlychange a nd m o nthlychange ofru n off
be c om e c omplex, ands o o n. h Tarim RiverBa sin withits spe cialconditio n s, part ofthe
riv er c o ur seis choked withsilt
,
riv erbank is cutin many site s, flo od is ove r
●
the riv er
c o u rs e
,
m anystre a mriv er a ndbr a n che s excha nge ands oforth.
Ⅰも1 m anha srais edthepr oductivity gr e atlythr oughexploiting andu singsu rfa c e w ateI
･
r es ou rc e s. They ha sbuilt ardBcialo a si e c olgicalsyste m but cha nged the na.tural
distributio n andcha nge ofw ate r, a nd indir e ctlyca u s edenviro n m e ntalchangein riv er
basirLIn Tarim Riv erba sin, m ostpart ofw ater c ons umedin uppe r and middle re a che s,
the natu r al v egetation de clin ed s erio u sly, w ate rtable ha sfallen, s oil is v ery dry,
des e rti丘c atio nde v eloped inthelo w er re a ches of riv erba sin.
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